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BUILDING FIRES

One of the major objectives of the
building fire research at NIST is to
develop fire growth and spread model(s)
to predict temperature and concentrations
of smoke and toxic compounds in
buildings;

Ventilation is one of the most important
factor governing fire growth and spread
in buildings. It is, therefore, necessary to
understand the ventilation-controlled fire
behavior in buildings.



VENTILATION-CONTROLLED FIRES

Ventilation-controlled fire behavior has
been investigated in various studies using
test set ups such as the “Hood”, “Enclosure”,
“Reduced-Scale Enclosure, RSE, ISO 9705”,
and the “Flammability Apparatus (ASTM
E2058)";

The behavior has been defined in terms of
correlations of product concentrations and
material properties for well-ventilated and
ventilation-controlled fires and the
equivalence ratio;



VENTILATION-CONTROLLED
FIRES

The correlation is expressed as the Global
Equivalence Ratio (GER) concept;

Equivalence ratio:
CI):SO l‘rlf/l‘rlO :Samf/ma
Concentration of a product:
Cj,V — (Ma /MJ)[ mJ /(ma + mf)]
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VENTILATION CORRECTION

FACTOR FOR CO
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VENTILATION CORRECTION FACTOR FOR
EFFECTIVE (CHEMICAL) HEAT OF
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PRODUCT CONCENTRATION

Ventilation Correction Factor

X, =1+ [oc/exp(ﬁcb)_‘t’]

Concentration

Ciy=[(M,/M)X; {¥;. (s, + DD



CO, CONCENTRATION VERSUS

EQUIVALENCE RATIO
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CO (%)

CO CONCENTRATION VERSUS

EQUIVALENCE RATIO
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Experimental Versus Theoretical CO Yields
Xco,v,max (EXp) — YCO,V,max /YCo,oo
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STOICHIOMETRIC CO YIELD
VERSUS MASS AIR-TO-FUEL RATIO

\PCO :28 Ilc/Mf

2.5 -
—_ Cn
B0 2.0 #*
22 15- h‘\m ¢

S 1.0 - A M
oCH AGCHO HECHN

== 0.5 - C,HON mCHX

0.0 \ \ | | \ | | |

2 4 6 8 10 12 14 16 18
s (g/g)



SMOKE CONCENTRATION VERSUS

EQUIVALENCE RATIO
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SMOKE VERSUS CO CONCENTRATION

CO (%)



Smoke Point and Generation
Efficiencies of Smoke and CO

Carbon Monoxide
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POLYMER COMPOSITIONS

Polymers Composition Polymers Composition

Highly Halogenated High Temperature
PVDF CHF PEEK  CHj.6300.16
ETFE CHF PPS CHo.6750.17
ECTFE CHF(.75Clo2s PBI CHo.67No.33
TFE CF; PEI CHo.68N0.050.14
CTFE CF1.5Clos0 Ordinary
CPVC CH.1.3Clo.70 PE CH;

PVC CH1.5Clo.s0 PS CH

PMMA CHi.6004
Wood CH1.700.74No.002
Nylon CH1.800.17No.17
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LIMITATIONS, DEFICIENCIES AND
SPECIFIC NEEDS TO IMPROVE THE
GER CONCEPT

Definition of fire growth and spread for the
ventilation-controlled fires wusing better
definitions of fuel flow rate (X;,) and

ignition (X, ,):
Xf,v — Ihf,v / I.nf,oo
X. =t.__/t
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LIMITATIONS, DEFICIENCIES AND
SPECIFIC NEEDS TO IMPROVE THE
GER CONCEPT

Generalized relationships between X and
generic fuels (smoke point, s, g5, AH,, Yy

Xcon and Xrad);
Experimental validation of the concentration
and gas temperature relationships;

Examination of the smoke characteristics for
highly fuel-rich ventilation-controlled
combustion  conditions using  smoke
particulate analyzers, FTIR etc.



EQUIVALENCE RATIO VERSUS
OXYGEN CONCENTRATION
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Combustion Efficiency and Its
Radiative Component
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ASTM E 2038 Apparatus




ASTM E 2038 Apparatus:

Sampling for e
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Samples: Ignltlon, Combustion




Samples for Fire Propagatlon




Non-Flaming Combustion
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Highly Fuel-Rich Combustion
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